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1 Summary of Test Results

Test Description Test Specification Test Result

, , 15.247(a) (1) .
Occupied Bandwidth RSS-GEN 6.6 / RSS-247 5.1 b Compliant

15.247(a) (1) .
Peak Power Output RSS-24751b /5.4 a Compliant

. 15.247(f)
Power Spectral Density RSS-247 59 b NA (1)

. . 15.247(d) .
Conducted Spurious Emissions RSS.247 5 5 Compliant
Radiated Spurious Emissions 15.247(d), 15.35(b),15.205, 15.209 Compliant

in / out the restricted bands RSS-GEN 8.9/ RSS-247 5.5 P

. 15.247(f) .
Dwell time RSS-247 5.1 ¢ Compliant

. . 15.247(a)(1)(i) .
Number of Hopping Frequencies RSS-247 5 1 ¢ Compliant
Channel separation 15.247(a)(1) Compliant

AC Power Line Conducted 15.107, 15.207 & RSS-GEN 8.8 N/A (2)
mission

Antenna Requirement 15.203 Compliant

(1) Not Applicable — The device is FHSS device, not DTS device.
(2) Not Applicable — The device is powered via battery.

1.1 Modifications Required for Compliance

None

SGS North America Inc. | Consumer and Retail

620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024
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2 General Information

2.1 Client Information

Name: Trellis Inc.
Address: 147 Technology Parkway, Suite 100,
City, State, Zip, Country: Peachtree Corners, GA 30092, USA

2.2 Test Laboratory

Name: SGS North America, Inc.
Address: 620 Old Peachtree Road NW, Suite 100
City, State, Zip, Country: Suwanee, GA 30024, USA

2.3 General Information of EUT

EUT: Wireless Gateway Base Station Sensor
with Mercury Module
Model Number: Base Station rev 3.5
Mercury Module rev B
Serial Number: 636 (Base Station)

Frequency Range: 902.5to 927.5 MHz
Number of channels: 15.247 device employing 51 channels
Modulation type: LoRa
Channel spacing: 500 kHz
Antenna: Internal fixed, 2dBi

Rated and Tested Voltage: 3.7Vdc

Sample Received Date: May 04, 2018
Dates of testing: May 7~11, 2018

Operating Modes and Conditions

The EUT was configured to operate in the following modes:
1. Continuously hopping through low, mid and high channels
2. Hopping through all channels

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.Sgs.com
\ Member of the SGS Group (SGS SA)
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2.4 EUT Connection Block Diagram

Ant

2.5 m screen
cable in the

rigid tube

Gateway

base station

2.5 System Configurations

Device
reference

Manufacturer Description Model Number Serial Number

Base Station rev 3.5 w/

1 Trellis Inc. Central Base Station Mercury Module rev B 636
2.6 Cable List
None
SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

[ Member of the SGS Group (SGS SA)



Test Report Number: 4302247EMCO02 Rev: 0
Trellis Inc. / Wireless Central Base Station
Page: 7 of 33

3 Occupied Bandwidth

3.1 Test Result

Test Description Basic Standards Test Result

15.247(a) (1)

Bandwidth RSS-GEN 6.6 / RSS-2475.1b

Compliant

3.2 Test Method

The procedures from ANSI C63.10 Clause 6.9.2 and 6.9.3 were used to determine the 20 dB and 99%

bandwidths.

a) The spectrum analyzer center frequency is set to the nominal EUT channel center frequency.
The span range shall be between 2 to 5 times the OBW.

b) RBW shall be in the range of 1% to 5% of the OBW and VBW shall be approximately 3 x RBW, unless
otherwise specified by the applicable requirement.

c¢) Set the reference level of the instrument as required, keeping the signal from exceeding the maximum
input mixer level for linear operation. In general, the peak of the spectral envelope shall be more than
[10 log (OBW/RBW)] below the reference level. Specific guidance is given in 4.1.5.2.

d) Steps a) through c) might require iteration to adjust within the specified tolerances.

3.3 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 23.6 °C
Relative Humidity: 44.4 %

3.4 Test Equipment

Test End Date: 7-May-2018 Tester: JC
Equipment Model Manufacturer Asset Number Cal Due Date
Signal Analyzer FSV30 Rohde & Schwarz S/N:103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079823 25-Jul-2018

Note: The equipment calibration period is 1 year.

3.5 Test Data

Frequency 20 dB bandwidth 99% OBW
(MHz) (kHz) (kHz)

902.5 149.06 128.80
915.0 148.34 128.80
927.5 148.34 128.80

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.Sgs.com
[ Member of the SGS Group (SGS SA)
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20dB BW

99% OBW

Spectrum ] == Spectrum ] =
Ref Level 30,00 dem RBW S khiz Ref Level 30,00 dém RBW S khiz
Att 50dE  SWT 379.2 s @ VBW 10kHz Mode Auto FFT Att 46dB  SWT 379.2 s @ VBW 10kHz  Mode auto FFT
@ 1Pk Max @ 1Pk Max
MI[1] 15.92 dBm| M1[1] 16.20 dBm|
N . 902.528940 MHz, 902.489150 MHz,
20 ] ndB 20.00 dB 20 d s Occ Bw 128.798842258 kHz|
P W 149.060000000 kHz| b & W
10
Qfadgor 6054.8 . I [y
o S ‘
-10d 0
20 d -10d
-30d
-20d
40 df
30.d
-50d
s0d 40 d
50 d
CF 902.5 MHz 691 pts Span 500.0 kHz,
Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | -60 dl
M1 1 902.52894 MHz 15.92 dBm ndg down 149.06 kHz
T1 1 902.42619 MHz -32.88 dBm nde 20,00 de.
T2 1 902.57525 MHz 4,22 dBm Q factor 60548 CF 902.5 MHz 691 pts Span 500.0 kHz
i | Measuring... § A S i ] Measuring...

Date:11MAY 2018 18:1;

Tovizs )

Date:11MAY 2018 18:11:18

Low Channel

Low Channel

Spectrum ] “%‘ Spectrum ] n?
Ref Level 20.00 dem RBW S kHz Ref Level 20.00 dem RBW S kHz
Att 50dB  SWT 379.2 ys @ VBW 10kHz Mode Auto FFT Att 46 dB  SWT 379.2 ys ® YBW 10kHz Mode Auto FFT
@ 1Pk Max @ 1Pk Max
Mi[1] 15.92 dBm| M1[1] 15.88 dBm|
a e 0915.013020 MHZ| 915.013020 MHz
20 ] ndB 20.00 dB 20d ——0cc Bw 128.798842257 kHz
P g 148.340000000 kHz L
10
Q fadtor 6168.5]
104 ] M
o . . ]' K
-10d 0d
-20d -10d
-30d
204
40 d
-30d
s0d
e0d -40d
CF 915.0 MHz 691 pts Span 500.0 kHz -0
Marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result | -60 di
[ 1 915.01302 MHz 15.92 dbm ndB down 148.34 kHz
T1 1 014.92692 MHz -3.95 dem ndg. 20.00 de
T2 1 915.07525 MHz -4.04 dBm Q factor 6168.5 CF 915.0 MHz 691 pts Span 500.0 kHz
i ] Measuring... g o )i ] Measuring... D i e

Date:11MAY 2018 18:09:15

00005 7

Date:11MAY 2018 18

[LETE T ]

Middle Channel

Middle Channel

Spectrum s Spectrum s
Ref Level 30.00 dém RBW 5 kHz Ref Level 30.00 dém RBW 5 kHz
50dB  SWT 370.2 ys @ VBW 10kHz Mode Auto FFT 46 dB  SWT 370.2 ps @ ¥BW 10 kHz  Mode Auto FFT
(@ 1Fk Max @ 1Pk Max
M1[1] 15.44 dBm M1[1] 15.55 dBm
204 927.489150 MHz 927.533290 MHz
nde 20.00 dB 20 c By 128.798842258 kHz|
— 148.340000000 kHz| -
104 o
Q fabtor 6252.6| Y
10d
0d 7 ‘i
0d 0 o
-20d -10d
-30d o
-40d
| o
-50dl
-60 di -0
-Sodl
CF 927.5 MHz 691 pts Span 500.0 kHz
Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | -60 dl
M1 1 927,43915 MHz 15,44 dBrn nd down 148,34 kHz
T1 1 927,42619 MHz -4.58 dBm ndB 20,00 dB.
T2 1 92757453 MHz -4.38 dbm q factor 6252.6 CF 027.5 MHz 691 pts Span 500.0 kHz
. Thos. 2018 . 0520
il ] Measuring...  WRRMMRALD W6k ioniziT i ] Measuring... P

Date:11MAY 2018 18:12:52

Date:11MAY 2018 1

High Channel

High Channel
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4 Peak Output Power

41 Test Result
Test Description

Test Result

Test Specification |
15.247(a) (1)
RSS-2475.1b/5.4a

Peak Output Power Compliant

4.2 Test Method

Measurements were recorded using the test methods defined in ANS C63.10, Clause 7.8.5.
a) Use the following spectrum analyzer settings:
1) Span: Approximately five times the 20 dB bandwidth, centered on a hopping channel.
2) RBW > 20 dB bandwidth of the emission being measured.
3) VBW = RBW.
4) Sweep: Auto.
5) Detector function: Peak.
6) Trace: Max hold.
b) Allow trace to stabilize.
¢) Use the marker-to-peak function to set the marker to the peak of the emission.
d) The indicated level is the peak output power, after any corrections for external attenuators and cables.
e) A plot of the test results and setup description shall be included in the test report.

Limit
For hybrid DTS / frequency hopping systems operating in the 902-928 MHz band: 1 watt.

43 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 23.6 °C
Relative Humidity: 44.5 %

4.4 Test Equipment

Test End Date: 7-May-2018 Tester: JC
Equipment Model Manufacturer Asset Number Cal Due Date
Signal Analyzer FSV30 Rohde & Schwarz S/N:103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079823 25-Jul-2018

Note: The equipment calibration period is 1 year.

45 Test Data

Peak Output

Peak Output

Output Power

Frequency Power (dBm) Power (W) limit (W)
902.5 16.28 0.042 1
915.0 16.04 0.040 1
927.5 15.88 0.039 1
SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.Sgs.com
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Representative Plot

Spectrum | o Spectrum o
Ref Level 30.00 dém © RBW 200 kHz Ref Level 30.00 dém © RBW 200 kHz
Att S0dB  SWT 9.6 ps  VBW 200 kHz  Mode Auto FFT Att 45dB  SWT 9.6 ps  VBW 200 kHz  Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M1[1] 16.28 dBm| M1[1] 16.04 dBm|
902.45040 MHZ 914.95950 MHZ]
20d e 20d e Occ Bw 512.590448625 kHz
y L2
10 d 10 df
0d od
/ /
-20 df -20 df
-30 di -30 df
-40 df -40 o
-50 df -5
-60 -60
CF 902.5 MHz 691 pts Span 700.0 kHz CF 915.0 MHz 691 pts Span 700.0 kHz
m————
TLOS.2018 TLOS 2018
) J - itz ) J L et
Date: 11 MAY 2018 18:1725

Date:11MAY 2018 18:16:37

Low Channel Middle Channel

Spectrum ] ““v“
Ref Level 30.00 dBm © RBW 200 kHz

Att 46 8 SWT 9.6 s  VBW 200kHz  Mode Auto FFT
[@ 1Pk Max

M1[1] 15.88 dBm|

027.53330 MHZ|
20.dl rrr—Oce By 511.577424023 kHz
L 2

T1

CF 927.5 MHz 691 pts Span 700.0 kHz
=
TIos20Ts
i ] 9. L EtE

Date: 11MAY 2018 184531

High Channel
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setup

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.Sgs.com
[ Member of the SGS Group (SGS SA)




Test Report Number: 4302247EMCO02 Rev: 0
Trellis Inc. / Wireless Central Base Station
Page: 12 of 33

5 Power Spectral Density

51 Test Result

Test Description Test Specification | TestResult
Power Spectral Density 15.247(f) & RSS-2475.2 b Not applicable
SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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6 Conducted Spurious Emissions

6.1 Test Result

Test Description Test Specification Test Result
Conducted Spurious Emissions 15.247(d) & RSS-247 5.5 Compliant

6.2 Test Method

Measurements were recorded using the test methods defined in ANS C63.10, Clause 7.8.8.

The instrument shall span 30 MHz to 10 times the operating frequency in GHz, with a resolution
bandwidth of 100 kHz, video bandwidth of 300 kHz, and a coupled sweep time with a peak detector. The
band 30 MHz to the highest frequency may be split into smaller spans, as long as the entire spectrum is
covered.

The limit is 20 dB below the measured peak power.

6.3 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 23.6 °C
Relative Humidity: 44.5 %

6.4 Test Equipment

Test End Date: 7-May-2018 Tester: JC
Equipment Model Manufacturer Asset Number Cal Due Date
Signal Analyzer FSV30 Rohde & Schwarz S/N:103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079823 25-Jul-2018

Note: The equipment calibration period is 1 year.

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.Sgs.com
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6.5 Test Data (Band-Edge)
Spectrum ] [@ Spectrum ] [@

Ref Level 30.00 dBm @ RBW 100 kHz

Ref Level 30.00 dBm @ RBW 100 kHz
Att 50dB  SWT 10 ps @ VBW 300 kHz _ Mode auto FFT Att S0dB_ SWT 19 us @ VBW 300 kHz _Mode Auto FFT
@ 1Pk Max @ 1Pk Max
m2[1] -38.77 dBm| m1[1] 15.55 dBm)|
902.00000 MHz| 927.50220 MHz|
20d MML] 16.20 dBm| 20d - m2[1] -32.62 dBm|

104 = iy aa s2a s000 s
. AT AR A

D1 -3.800 dBmr { \ / f D1 -45100 im \ / \
| ook i / |

o ]
T [
/ o N
o b

-50 d -50 d
-60 -60 d
Start 900.0 MHz 691 pts Stop 004.0 MHz Start 926.0 MHz 691 pts Stop 930.0 MHz
TL05.2015 TL05.2015
Il J wa R ) J -

Date:11MAY 2018 19:14:57 Date:11MAY 2018 19:18:00

Hopping mode_Low channel Hopping mode_High channel

Spectrum ] ““v“ Spectrum ] ““v“

Ref Level 30.00 dBm © RBW 100 kHz Ref Level 30.00 dBm © RBW 100 kHz
Att 50 dB SWT 10 ps & VBW 300 kHz Mode Auto FFT Att 50 cB SWT 19 s @ VBW 300 kHz Mode Auto FFT
@ 1Pk Max @ 1Pk Max
M2[1] ~32.11 dBm)| Mi[1] 15.54 dBm|
002.00000 MHZ| 0927.50220 MHZ|
20 df MM1] 16.21 dBmy 20d M2[1]

T -32.61 dBm)|
902.45040 MHz|

}—\ L 3 928.00000 MHZ|
10 o 10d

D1 -2.800 dem I !

10 d {l \ ) D1 -4.500 dBm /[ \

;., T ] - = N

-50 di
-60 df -60 df
Start 900.0 MHz 691 pts Stop 904.0 MH2z Start 926.0 MHz 691 pts Stop 930.0 MHz
bLs sponinini ) \Start 92¢ oL op oot o)
i [ reasuring.. MURMSANAD WA s )i | reasuring... @ARHEARAD i

Date:11MAY 2018 19:12:00 Date:11MAY 2018 19:18:30

Non-hopping mode Low channel Non-hopping mode_High channel
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6.6 Test Data (Spurious Emissions)
Low, Mid and High Channels

Spectrum :%1
Ref Level 30.00 dBm @ RBW 100 kHz
Att S0cdB  SWT 997 ms @ YBW 300 kHz  Mode Auto Sweep
@ LPk Max
M1[1] 15.60 dBm
928.0 MHz
20 dBm—pr M2[1] 15.60 dBm
y 928.0 MHz
10 dBm
0dBm
D1 -4.500 dBm
-10 dBm
-20 dBm
-30 dBm
it A b AL i
A i prild le“ | T NOE]
-50 dBm
-60 dBm
Start 30.0 MHz 691 pts Stop 10.0 GHz
i | easuring... WRANANRAD e 11052018

10100 7

Date: 11MAY 2018 19:19:10

No data is shown as the level is same as background noise except the intentional transmission.
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7 Field Strength of Spurious Radiation

7.1 Test Result

Test Description Test Specification Test Result
15.247(d), 15.35(b),15.205, 15.209 &
RSS-GEN 8.9/ RSS-247 5.5

Field strength of spurious radiation Compliant

7.2 Test Method

Radiated spurious emissions measurements were recorded with the device configured to transmit at the
lowest, middle, and highest channels. The frequency range investigated was up through the 10™
harmonic of the fundamental transmit frequency. The methods defined in ANSI C63.10: 2013 were used.

For measurements below 1GHz, the device was manipulated through three orthogonal axes. Above
1GHz, the alternative method in Clause 6.6.5 was used.

Test distance:
30 MHz to 1 GHz - The EUT to measurement antenna distance is 3 meters
1to 18 GHz - The EUT to measurement antenna distance is 3 meters
18 to 40 GHz - The EUT to measurement antenna distance is 1 meter

Frequenc - Limts®» Peak Limits
q y Microvolts/m dBuVv/m dBuV/m

30 - 88 MHz 100 40@ --
88 - 216 MHz 150 43.5@ -
216 - 960 MHz 200 46 @ --
960 - 1000 MHz 500 54 @ -
1-40 GHz 500 54 ©) 74
(1) These limits are applicable to emissions within the restricted bands of operation defined in FCC
§15.205.

(2) Quasi-peak limit
(3) Average limit

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.Sgs.com
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7.3 Test Site
3m/ 10m Absorber Lined Shielded Enclosure (ALSE), Suwanee, GA
Environmental Conditions
Temperature: 24.4 °C
Relative Humidity: 31.2 %

7.4 Test Equipment

Test End Date: 9-May-2018 Tester: JC

Equipment Model Manufacturer Asset Number Cal Due Date
ANTENNA, BILOG JB6 SUNOL B079690 29-Nov-2018

RF CABLE SF106 HUBER & SUHNER B0O79661 25-Jul-2018

RF CABLE SF106 HUBER & SUHNER B079713 24-Jul-2018

RF CABLE UC-N-MM-78 MAURY MICROWAVE 17017 25-Jul-2018

LOW NOISE AMPLIFIER TS-PR18 ROHDE & SCHWARZ 15003 28-Jul-2018
RF CABLE 104PE HUBER & SUHNER B0O79793 24-Jul-2018

EMI TEST RECEIVER ESU40 ROHDE & SCHWARZ B079629 31-May-2018

RF CABLE SF106 HUBER & SUHNER BO79716 24-Jul-2018

FILTER, HIGH PASS (>1150MHZ) HPM50108 MICRO-TRONICS B079802 27-Jul-2018
ANTENNA, DRG HORN (MEDIUM) 3117 ETS LINDGREN B0O79699 16-May-2018
RF CABLE SF106 HUBER & SUHNER BO79712 24-Jul-2018

RF CABLE NFS-290-78.7-NFS FLORIDARF LABS B095019 24-Jul-2018

RF CABLE SUCOFLEX 100 HUBER & SUHNER B108523 24-Jul-2018

Note: The equipment calibration period is 1 year.
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7.5 Test Data — Peak Data
Low Channel, Vertical

—  AVG Limit
FCC Part 15,12.209a @ 3m — Peak Limit
Radiated Emissions = Eggt gca?g
Vertical v Average Data
800
7001
60.0 T
|
500
400
300
200
100G 10.00G
Frequency

Radiated Emissions 1-18 GHz
Top 10 Vertical - Average
Operator: Operator Info:: Trellis / Sensor-Gatew ay

Frequency  Raw Avg Polarity Azimuth Height AF Avg Value Limit Margin
MHz (dBuV) (V/H) (degrees) (cm) (dB/m) dBuV/m (dBuV/m) (dB)
2706.10 28.2 Vv 19.0 203.0 32.4 5.7 33.8 32.7 54.0 -21.2
3607.90 29.8 Vv 25.0 100.0 33.1 6.7 33.9 35.9 54.0 -18.1

=Level + AF+CL - Amp
h = Avg Value - Limit

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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Low Channel, Horizontal

— AVG Limit
FCC Part 15,12.209a @ 3m — Peak Limit
Radiated Emissions 7 E:gt gcaatlg
Horizontal 5 Average
800
7001
X
600
500
a0} M
300
20.0
100G 10.00G
Frequency

Radiated Emissions 30 MHz - 1 GHz
Top 10 Horizontal - Average
Operator: Operator Info:: Trellis / Sensor-Gatew ay

Frequency = Raw Avg Polarity Azimuth Height AF Avg Value Limit Margin
MHz dBuVvV (V/H) (degrees) (cm) (dB/m) (dBuV/m) (dBuVv/m) (dB)
2705.80 28.2 H 233.0 116.0 32.4 5.7 33.8 32.7 54.0 -21.2
3608.20 29.8 H 108.0 136.0 33.1 6.7 33.9 35.9 54.0 -18.1

=Level + AF+CL - Amp
h = Avg Value - Limit

SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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Middle Channel, Vertical

AVG Limit

FCC Part 15,12.209a @ 3m —  Peak Limit
Radiated Emissions = Eggt Scaatlg
v

Vertical Average Data

80.0T

7001

600

50.01

40.01

3001

20,0
1.00G 10.00G

Frequency

Radiated Emissions 1-18 GHz
Top 10 Vertical - Average
)erator: Operator Info:: Trellis / Sensor-Gatew ay

Frequency = Raw Avg Polarity Azimuth Height Avg Value Limit Margin
MHz (dBuV) (V/H) (degrees) (cm) (dB/m) (dB) (dB) dBuV/m (dBuV/m) (dB)
2784.10 28.1 \% 25.0 155.0 32.4 5.8 33.8 32.7 54.0 -21.2

=Level + AF+CL - Amp
h = Avg Value - Limit
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Middle Channel, Horizontal

— AVG Limit
FCC Part 15,12.209a @ 3m —— Peak Limit
] e —— Peak Scan
Radiated Emissions X  Peak Data
Horizontal a  Average
800
7001
6001
500
4001
300
20,0
1.00G 10.00G
Frequency

Radiated Emissions 30 MHz - 1 GHz
Top 10 Horizontal - Average
Operator: Operator Info:: Trellis / Sensor-Gatew ay

Frequency = Raw Avg Polarity Azimuth Height AF Avg Value Limit Margin
MHz dBuVvV (V/H) (CLEIEES) (cm) (dB/m) (dBuV/m) (dBuV/m) (dB)
2783.80 28.1 H 241.0 100.0 324 5.8 33.8 32.7 54.0 -21.2
3712.30 29.7 H 151.0 100.0 33.3 6.8 33.9 36.2 54.0 -17.8

=Level + AF+CL - Amp
h = Avg Value - Limit
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High Channel, Vertical

— AVG Limit
FCC Part 15,12.209a @ 3m — Peak Limit
] e —— Peak Scan
Radiated Em!ssmns X Peak Data
Vertical v Average Data
800 T
700T
6001
500
4001
3001
20,0
100G 10.00G
Frequency

Radiated Emissions 1-18 GHz
Top 10 Vertical - Average
Operator: Operator Info:: Trellis / Sensor-Gatew ay

Frequency = Raw Avg Polarity Azimuth Height AF Avg Value Limit Margin

MHz (dBuVv) (V/IH) (degrees) (cm) (dB/m) dBuV/m (dBuVv/m) (dB)
5503.30 29.9 \Y 165.0 306.0 34.7 8.5 34.2 39.4 54.0 -14.6

=Level + AF+CL - Amp
h = Avg Value - Limit
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High Channel, Horizontal

AVG Limit

FCC Part 15,12.209a @ 3m — Peak Limit
) e —— Peak Scan
Radiated Emissions X  Peak Data
Horizontal a  Average
800
7001
6001

500

30.0-W

20,0
1.00G 10.00G

Frequency

Radiated Emissions 30 MHz - 1 GHz
Top 10 Horizontal - Average
Operator: Operator Info:: Trellis / Sensor-Gatew ay

Frequency = Raw Avg Polarity Azimuth Height AF CL Amp Avg Value Limit Margin

MHz dBuv (V/H) (degrees) (cm) (dB/m) (13)) (dB) (dBuV/m) (dBuV/m) (dB)
1593.40 27.9 H 301.0 134.0 28.4 4.2 33.6 27.1 54.0 -26.9

=Level + AF+CL - Amp
h = Avg Value - Limit
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Low, Mid and High Channels
30-1000MHz, Vertical

SG FCC part 153m — Limit
Radiated Em,ssmns — Vertical Peak Emissions
Vertical
X Vertical Final QP measurem ent
7001
60.01
£
S 500t
=3
) J
©
3
g w0
2
a
£ 3001
<
2001
10.0+
0 — :
30.00M 100.00M 1.00G
06:35:59 PM, Thur sday, May 10, 2018 Frequency Info:: WR-5200

Frequency Raw QP Polarity
MHz (dBuVv) (V/H)
44,924 18.2 \%
84.904 24.3 \%
120.899 26.2 \

SGS North America Inc.

Consumer and Retail

Azimuth Height Amp QP Value Limit Margin

(degrees) (cm) (dBuV/m) (dBuV/m) (dB)
43 114 11.2 20.8 32.6 17.6 40.0 -22.4
135 132 7.8 24.9 33.0 24.0 40.0 -16.0
57 109 13.8 19.0 33.0 26.0 43.5 -17.5

620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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Low, Mid and High Channels
30-1000MHz, Horizontal

FCC part 153m —  Limit
SG Radiated E_mlssmns — Horizontal Peak Emissions
Horizontal

X Horizontal Fnal QP measur ement

AmplitudedBuV/m
5
S}

1001 % 3

0 | | + |
30.00M 100.00M 1.00G
06:35:58 PM, Thur sday, May 10, 2018 Fr equency Info:: WR-5200

Frequency Raw QP Polarity  Azimuth Height AF Amp QP Value Limit Margin
MHz (dBuV) (V/H) (degrees) (cm) (dB/m) (dB) (dBuV/m) (dBuV/m) (dB)
97.220 16.5 H 176 250 9.5 23.4 33.8 15.6 40.0 -24.4
SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com
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8 Pseudo-Random Hop Sequence

8.1 Test Result

Test Description Test Specification Test Result
Pseudo-Random Hop Sequence 15.247(d) Compliant®
Note (1): The theory of operation states that the device is LoRa and operates using a pseudo-random
hopping technique.

8.2 Test Method

Compliance is demonstrated by Manufacturer’s declaration or is stated in the Theory of Operation.

Requirement
The hop-set shall be such that the near-term distribution of frequencies appears random, with sequential

hops randomly distributed in both direction and magnitude of change in the hop-set, while the long-term
distribution appears evenly distributed.
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9 Channel Separation

9.1 Test Result

Test Description Test Specification Test Result
Channel Separation 15.247(a)(1) Compliant

9.2 Test Method

Measurements were recorded using the test methods defined in ANSI C63.10, Clause 7.8.2.
Use the following spectrum analyzer settings:
a) Span: Wide enough to capture the peaks of two adjacent channels.
b) RBW: Start with the RBW set to approximately 30% of the channel spacing; adjust as necessary to
best identify the center of each individual channel.
¢) Video (or average) bandwidth (VBW) = RBW.
d) Sweep: Auto.
e) Detector function: Peak.
f) Trace: Max hold.
g) Allow the trace to stabilize.

Requirement
Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of

25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the band 2400-2483.5 MHz may have hopping channel carrier frequencies
that are separated by 25 kHz or two-thirds of the -20 dB bandwidth of the hopping channel, whichever is
greater, provided that the systems operate with an output power no greater than 0.125 W.

9.3 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 23.6 °C
Relative Humidity: 44.5 %

9.4 Test Equipment

Test End Date: 7-May-2018 Tester: JC
Equipment Model Manufacturer Asset Number Cal Due Date
Signal Analyzer FSV30 Rohde & Schwarz S/N:103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079823 25-Jul-2018

Note: The equipment calibration period is 1 year.
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9.5 Test Data

The minimum channel separation was 500kHz which is greater than the worst-case 20dB bandwidth of
0.149 MHz. Disregard Plot Markers.

Spectrum n%:[

Ref Level 30.00 dBm
Att

@ RBW 100 kHz
50 cdB SWT 379 ps @ VBW 300 kHz  Mode Auto FFT

gk ﬂﬂﬂﬂﬁqﬁ[ﬂlhﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂpﬁljéz:gd:a:nz
O A T Y RV N T
o ] \u/ \“( \"H \“/ \"} L \”H\"( | VH”J |

|
L L UL u\\
| \

-30 dBm \ﬁ

-50 dBm
-60 dBm
Start 900.0 MHz 691 pts Stop 930.0 MHz
warker
Type | Ref | Trc | X-value Y-value |__Function Function Result
M1 1 902,496 MHz 16.25 dBm
Dz M1 1 1,538 MHz -0.06 dB
M3 1 927,547 MHz 15,57 dBm
Jil Measuring... QURHRRELD itk st

Date:11MAY 2018 1925:16
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10 Number of Hopping Channels

10.1 Test Result

Test Description Test Specification Test Result
: 15.247(a)(1)(i) .
Number of Hopping Channels RSS-247 5 1 ¢ Compliant

10.2 Test Method

Measurements were recorded using the methods defined in ANSI C63.10, Clause 7.8.3.

Use the following spectrum analyzer settings:

a) Span: The frequency band of operation. Depending on the number of channels the device supports, it
may be necessary to divide the frequency range of operation across multiple spans, to allow the
individual channels to be clearly seen.

b) RBW: To identify clearly the individual channels, set the RBW to less than 30% of the channel spacing
or the 20 dB bandwidth, whichever is smaller.

c) VBW = RBW.

d) Sweep: Auto.

e) Detector function: Peak.

f) Trace: Max hold.

g) Allow the trace to stabilize.

Requirement
v' For frequency hopping systems operating in the 902-928 MHz band:

if the 20 dB bandwidth of the hopping channel is less than 250 kHz, the system shall use at least 50
hopping frequencies and the average time of occupancy on any frequency shall not be greater than
0.4 seconds within a 20 second period;

x if the 20 dB bandwidth of the hopping channel is 250 kHz or greater, the system shall use at least 25
hopping frequencies and the average time of occupancy on any frequency shall not be greater than
0.4 seconds within a 10 second period. The maximum allowed 20 dB bandwidth of the hopping
channel is 500 kHz.

10.3 Test Site
SGS EMC Laboratory, Suwanee, GA
Environmental Conditions
Temperature: 23.6 °C
Relative Humidity: 44.5 %

10.4 Test Equipment

Test End Date: 7-May-2018 Tester: JC
Equipment Model Manufacturer Asset Number Cal Due Date
Signal Analyzer FSV30 Rohde & Schwarz S/N:103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079823 25-Jul-2018

Note: The equipment calibration period is 1 year.
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10.5 Test Data
The LoRa device is employing 51 hopping frequencies > 50 hopping.

Spectrum :%1

Ref Level 30,00 dBm @ RBW 20 kHz

| ALt EDdB SWT 474.1 ps V¥BW 20 kHz Mode Auto FFT
Count 2000,/2000
@ LPk Max@ZAP Clrw

mM2[1] 11.30 dBm)|
2d dBm 914.97040 MHz|

TNM | IF‘IH"H qrﬂ}z 902.232'?310113;;

Start 902 1] MHZ 10001 pts Stop 920.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | __Function | Function Result |
M1 902.2223 MHz 8.71 dBm
D1 Ml 1 106.2 kHz 9.09 dB
M2 1 914.9704 MHz 11.30 dBm
D3 rM1 1 604.7 kHz 2.66 dB
} [ Measuring...  GHRENELED W6 mig.?ﬁ::;: y
Date:18 APR 2018 17:30:36
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11 Dwell Time

11.1 Test Result

Test Description Test Specification Test Result
. 15.247(f) .
Dwell Time RSS-247 5.1 ¢ Compliant

11.2 Test Method

Measurements were recorded using the methods defined in ANSI C63.10, Clause 7.8.4.

Setting the spectrum analyzer to the following:

a) Span: Zero span, centered on a hopping channel.

b) RBW shall be < channel spacing and where possible RBW should be set >> 1/ T, where T is the
expected dwell time per channel.

c) Sweep: As necessary to capture the entire dwell time per hopping channel; where possible use a
video trigger and trigger delay so that the transmitted signal starts a little to the right of the start of the
plot. The trigger level might need slight adjustment to prevent triggering when the system hops on an
adjacent channel; a second plot might be needed with a longer sweep time to show two successive
hops on a channel.

d) Detector function: Peak.

e) Trace: Max hold.

Requirement
v For frequency hopping systems operating in the 902-928 MHz band:

if the 20dB bandwidth of the hopping channel is less than 250 kHz, the system shall use at least 50
hopping frequencies and the average time of occupancy on any frequency shall not be greater than
0.4 seconds within a 20 second period;

x  if the 20dB bandwidth of the hopping channel is 250 kHz or greater, the system shall use at least 25
hopping frequencies and the average time of occupancy on any frequency shall not be greater than
0.4 seconds within a 10 second period. The maximum allowed 20 dB bandwidth of the hopping
channel is 500 kHz.

11.3 Test Site
SGS EMC Laboratory, Suwanee, GA

Environmental Conditions

Temperature: 23.6 °C
Relative Humidity: 44.5 %

11.4 Test Equipment

Test End Date: 7-May-2018 Tester: JC
Equipment Model Manufacturer Asset Number Cal Due Date
Signal Analyzer FSV30 Rohde & Schwarz S/N:103106 24-Jul-2018
RF CABLE SF102 HUBER & SUHNER B079823 25-Jul-2018

Note: The equipment calibration period is 1 year.
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11.5 Test Data

As per manufacturer declaration, the interver between two pulse will be set to about 2 hours

Pulse Width = 0.068 s < 0.4s

Spectrum E%:[
Ref Level 30.00 dBm @ RBW 100 kHz
Att 50 dE @ SWT 100 ms @ VBW 300 kHz
SGL
® 1Pk Max
D2[1] -0.77 dB
68.261 ms
20 dém M1[1] 11.49 dBm
3.188 ms
WO A WAV e
10 Hem
Odpm
10 dBm
-0 dBm
-30 dBm
-40 dBm
gl oy A
-a0 dBrm
-60 dBm
CF 927.5 MHz 601 pts 10.0 ms/
)il Ready CHRREERRD g e

192759
Date:11MAY 2018 19:227:59
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12 Revision History

Revision

Description of changes Revision Date
Level
0 Initial release 31 August 2018
1 Revised address 31 December 2018
SGS North America Inc. | Consumer and Retail 620 Old Peachtree Road NW, Suite 100, Suwanee, GA 30024 t (770) 570-1800 WWW.SgS.com

[ Member of the SGS Group (SGS SA)



		2019-09-24T19:39:51+0000
	Geneva
	SGS officially issued document




